The prerequisite of any microbial identification technique, especially in food industry, is its accuracy. Furthermore, it should be easy to perform, fast and cost-effective to ensure safe products and identify their microbial contamination. In this study, we tested Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight Mass Spectrometry (MALDI-TOF MS) as an efficient tool allowing identification of bacterial isolates with high confidence and speed. Five bacterial species were isolated from pasteurized milk samples collected from different steps of their line production, in a local dairy company in Constantine, Algeria. The isolates were analyzed by MALDI-TOF MS method and results were compared with those provided by sequencing of the 16S rDNA gene in order to confirm the identification. All bacterial isolates were successfully identified by MALDI-TOF MS method to the species level (scores ≥2). In parallel, 16S rDNA gene sequencing analysis identified the five isolates to the species level (≥99% sequence similarity). The results of MALDI-TOF MS-based identification of the bacterial isolates studied showed a total concordance (100% same species) for isolates designed S1, S2 and B2 to those of the reference method (16S rDNA gene sequencing), except for two cases (isolate B1 and B3), were the identification by both proteomic and genomic methods coincided at the genus level. This study suggests that comparatively to 16S rDNA gene sequencing which provides limited results; MALDI-TOF MS is a highly sensitive and rapid method that could be used to identify pathogens in dairy industry. 
…………………………………………………………………………………………………….... Introduction:-
The detection and enumeration of pathogens in food is an important component of any integrated program to ensure the safety of foods throughout the food supply chain (Dos Santos et al., 2010) . Food companies use microbiological analysis to identify microbial contamination, monitor its state at all times and analyze its trends so as to detect emerging risks. Microbiological analysis is an essential tool for carrying out tests in accordance with the microbiological criteria established for each food type, as well as being essential for evaluating the actions of different management strategies based on the Hazard Analysis and Critical Control Points (HACCP) system (Stannard 1997; Jasson et al. 2010 ). These analysis, mainly based on the morphological, physiological and The MALDI-TOF MS technology has been used extensively in clinical diagnostics, however, its applicability to detection of foodborne pathogenesis comparatively is less explored (Jadhav et al., 2014; Pavlovic et al., 2013) . In this context, our study aimed to evaluate the performance of MALD-TOF MS based identification of pathogens in dairy industry.
Material and Methods:-
Samples collection:-A total of three pasteurized milk samples were collected from different steps of their production process: before pasteurization, after pasteurization and ready to use product, in a dairy plant located in Constantine east of Algeria. The samples were collected aseptically in sterile containers, immediately kept in an ice box and transported to the laboratory. Samples were divided and used in triplicate for microbiology experiences.
Microbiological analysis:-
According to the standard method of the Official Journal of the Democratic and Popular Republic of Algeria, N°70 of 07 th November 2004, the samples (described above) were investigated microbiologically for the total flora mesophilic aerobe, total and feacal coliform, the presence of Staphylococcus aureus and Salmonella sp in order to appreciate their hygienic quality. The conditions and selective media used in this study are summarized in Table 1 . Only Plate Count Agar (PCA) and Baird Parker Agar (BPA) plates, used respectively for the count of the total flora mesophilic aerobe and the search of Staphylococcus aureus, incubated under conditions indicated in table 1 were positive (giving visible growth). Single typical colony from each plate (PCA and BPA) was selected for this study. The selection of mesophilic colonies (growing on PCA) was based on their characteristics shape and color from countable plates (10 to 300). Colonies with typical Staphylococcuc morphology on BPA medium (black, convex and with or without a light halo) were counted. Afterwards, the selected colonies were sub cultured to purity on the same medium plates and then subjected to molecular identification to species level by both proteomic and genomic methods.
MALDI-TOF Mass Spectrometry Analysis:-
The identification of the isolates by MALDI-TOF mass spectrometry protein analysis was carried-out as described by Seng et al., 2009 . It was performed on a Microflex LT instrument (Bruker Daltonics GmbH, Leipzig, Germany) with FlexControl (version 3.0) software (Bruker Daltonics) for the automatic acquisition of mass spectra in the linear positive mode within a range of 2 to 20 kDa, according to the instructions of the manufacturer. Analysis of the raw spectral data was performed by the MALDI BioTyper automation (version 2.0) software (Bruker Daltonics); it makes use of a large database containing reference spectra. The score value is defined by three components, the matches of the unknown spectrum against the main spectrum, the matches of the main spectrum peaks against the unknown spectrum, and the correlation of intensities of the matched peaks. This leads to a first score, from 0 (no match) to 1,000 (perfect identity), which is converted into a log score from 0 to 3. When the score is greater than 2.0 is considered to indicate good species-level identification and scores above 2.3 correspond to excellent species-level identification. Values between 1.7 and 2.0 correspond to reliable genus-level identification and values below 1.7 indicate no identification (no significant similarity) (Cherkaoui et al., 2010) . Sample preparation was performed according to the instructions of Bruker Daltonics. The bacterial isolates were grown on Columbia agar with 5% sheep blood (COSBA) and incubated for 24 hours at 37 °C. Colony was directly deposited on an MSP 96 target plate (Bruker Daltonics). The preparation was overlaid with 1μl of HCCA matrix solution, which is a (saturated solution of α-cyano-4-hydroxycinnamic acid in 50% acetonitrile-2.5% trifluoroaceticacid). The colony was then air dried at room temperature to allow cocrystallization with the experimental sample. Each isolate was measured two times from three independent agar plates. At least two independent replicates out of three had to be concordant to be 187 taken as valid for species or genus identification. The spectra acquired by the mass spectrometer were then compared by using the BioTyper software.
Conventional PCR amplification and sequencing of the 16S rDNA gene:-DNA extraction:-The DNA extraction was carried out with the DNA tissue kit (QIAGEN, Hilden, Germany) using EZ1 instrument (QIAGEN). Samples were prepared according to the appropriate procedure, in the EZ1 DNA Tissue Handbook, respecting the amount of starting material (200 μl). Colonies from each isolate were mixed with 180 μl of extraction buffer and 20 μl of proteinase K then incubated at 56°C overnight. The DNA can be analyzed immediately after the extraction or stored at -20°C until analyzing.
PCR amplification:-
The 16S rDNA gene, for all isolates, was amplified with the universal primers 16S_fD1 and 16S_rP2 (Weisburg et al., 1991) . PCR reaction was carried out in a final volume of 50 μl. Reaction mixtures contained 1×PCR buffer with 5 μl template, 50 mM KCl, 1.5 mM MgCl2, desoxynucleoside triphosphate solution (200 μM each dATP, dCTP, dGTP and dTTP), 0.2 μM each oligonucleotide primers and 0.5 units of Taq DNA polymerase. The thermal cycle consisted of an initial 10 min denaturation at 95°C followed by 39 cycles of 1min denaturation at 95°C, primer hybridization at 52°C for 30s and a final 5 min elongation step at 72°C. PCR reactions products were examined by electrophoresing and purified with the QIAquick spin PCR purification kit (Qiagen). 
Results:-
All five bacterial species, isolated from pasteurized milk samples, gave spectra sufficient for species identification Figure. 1. As illustrated in Fig. 1 the MALDI-TOF MS profiles clearly differ in terms of number and intensity of mass signals. The obtained MALDI-TOF MS profiles were then compared to the reference spectra of the BioTyper database and their similarity was expressed by a BioTyper Log score. As shown in table 3, all isolates were identified to the species level (scores ≥2).
In parallel with MALDI-TOF MS identification, all bacterial isolates were analyzed by 16S rDNA gene sequencing, used as the reference method. By sequence comparison analysis, the five isolates were also identified to the species level (≥99% sequence similarity). The results of MALDI-TOF MS-based identification of the bacterial isolates studied showed a total concordance (100% same species) for isolate designed S1, S2 and B2 to those of the reference method; except for two cases (isolate B1 and B3), were the identification by both proteomic and genomic methods coincided at the genus level. B1 and B3 were identified as Bacillus anthracis / Bacillus. cereus and Bacillus. Paralicheniformis / Bacillus. licheniformis respectively by 16S rDNA sequencing and as B. cereus and B.licheniformis respectively by MALDI-TOF MS (Table 3) .
Discussion:-
Bacteria play an important role in the food industry. They are used as starter cultures for cheese, yogurt or other fermented foods but they are also responsible for food-spoilage and food-poisoning. The identification and differentiation of food-related bacteria is indispensable for quality assurance and it is the basis for ensuring that safe (Wenning et al., 2014) . Current microbiological techniques applied to foodborne pathogens detection are still based on usual approaches which are laborious and time consuming. On average, routine milk microbiological procedures take from 5 to 8 days to be completed and require the use of various biochemical tests and the evaluation of experts (Dos Santos et al ., 2010).
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Recently, bacterial identification at the molecular level has been investigated using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) (Fenselau and Demirev, 2001 ). Many microorganisms have been identified by MALDI-TOF MS via characteristic "chemical signatures" in a highthroughput fashion using straightforward extraction and sample work-up protocols. After initial bacterial growth that requires 1 day on average, and using crude bacterial extracts or lysate supernatants of whole cells, bacterial determination has been performed by MALDI-TOF MS in a few minutes (Holland et al., 1999; Dos Santos et al., 2010) .
In this context, the main objective of this study was to evaluate MALDI-TOF fingerprinting in the identification of pasteurized milk associated pathogens taking in account specific requirement of milk microbiological identification protocols.
In total, five different species isolated from pasteurized milk samples, belonging to Bacillus and Staphylococcus genus were identified. The detection of contamination by species of Bacillus genus can probably be explained by their ubiquitous character and their large distribution in the environment as it has reported by Bartoszewicza et al., 2008, which facilitates their contamination in a variety of foods at different stages of the food chain (Oguntoyinbo, 2007) . Contamination can be mediated through various substrates including soil, grain and dairy equipments (Bartoszewicza et al., 2008) . Many studies have reported that Bacillus cereus spp are common contaminants in a wide variety of food, including milk and other dairy products (Becker et The sampling along different steps of the pasteurized milk production chain, allowed also a detection of staphylococci contamination. Both genetic and proteomic techniques, used in this study, have successfully identified two species: Staphylococcus cohnii and Staphylococcus saprophyticus. The presence of these species was probably due to contaminated environment and unhygienic manufacturing practices along the production chain. The same results showing the presence of these species in milk and other dairy products has been reported by many authors (De Luca et In the present study, two isolates designed (B1 and B3) were identified as B. cereus and B. licheniformis by MALDI-TOF. However, 16S rDNA gene sequencing identified the isolate (B1) to be B. anthracis with 100 % of similarity with NCBI code (CP023001.1) and B. cereus with 100 % of similarity with the accession number (CP023179.1). This isolate identified as B. anthracis /B. cereus exhibited high similarity to both B.cereus and B.anthracis and were unable to be differentiated by this analysis. As it has demonstrated in the study by Helgason et al., (2000) , B. anthracis is genetically very closely related to some B. cereus and B. thuringiensis strains. The same applies to isolate (B3), results from BLAST analyses fail to discriminate clearly between B. licheniformis and B. paralicheniformis because of the high homology of their sequences.
It is to highlight that these isolates (B1 and B3) were identified as B. cereus and B. licheniformis respectively on the basis of morphological characteristics presented by their colonies on Columbia Sheep Blood Agar medium, Gram staining and by the study of some of their biochemical characteristics (unpublished work).
Our results confirm previous studies reporting difficulties in the identification of certain foodborne Bacillus spp; due to similarities in their 16s rDNA sequences (Fernández-No et al., 2013) . Interestingly MALDI-TOF MS identified theses isolates with a high score (2,18 and 2,17 ) respectively for B1 and B3 (Tabale 3) showing its ability to differentiate between species in this group. In addition, from the data shown in Fig 1, it is also clear that MALDI-TOF MS provides characteristic protein profiles that allow for identification of different species from the same 189 bacterial genus. These results are comparable to those reported in the studies realized by Dos santos et al., ( 2010) and Fernandez et al., (2013) . The finding in this study confirm the accuracy of the MALDI-TOF MS fingerprinting approach in identifying Bacillus species isolated from pasteurized milk.
The 16s rDNA gene sequencing was the reference standard for the identification of bacterial species used in the present study. This genomic method is regarded as the most widely accepted gene for bacterial identification (Song et al., 2003) . However, as for any identification method, limitations for 16S rDNA gene sequencing exist (Janda and Abbott, 2007). Compared to MALDI TOF MS method, it was the least successful for identification, limited by the high homology of the species sequences.
Conclusion:-
In conclusion, our study showed that MALDI-TOF MS can be used for accurate and rapid identification of pasteurized milk related pathogens with high sensitivity and specificity and is therefore a potential alternative to the traditional phenotypic and genotypic methods that are currently used. This technique, once integrated with the implementation of preventive systems such as the HACCP will substantially improve food safety. 357F  ACGGCTACCTTGTTACGACTT  50  357R  CTGCTGCCTCCCGTA  50  536F  CTGCTGCCTCCCGTA  58  536R  GTATTACCGCGGCTGCTG  58  800F  GTATTACCGCGGCTGCTG  48  800R  CTACCAGGGTATCTAAT  48  1050F  TGTCGTCAGCTCGTG  48  1050R CACGAGCTGACGACA 48 *: Tm values were determined using the formula: Tm= (2×AT + 4×GC) -4. 
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